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3 INTRODUCTI ON

The Applied Physics Laboratory has been deeply involved
in satellite technological development since 1958. APL satel-
lite programs generally extend through conceptual development
to implementation and operations, significant contributions and
achievements being in areas in which the Laboratory is uniquely
equipped.

One of the original assignments of the APL Space Depart-
ment was to design and construct satellites as part of the APL-
proposed Navy Navigation Satellite System. This included satel-
lite signal receiver development, and the deployment of these
receivers in a suitable worldwide system of tracking stations
that were linked via a communication network to APL. In addi-
tion to advanced engineering research in satellite orbital dynam-
ics, research was conducted to explore more fully the satellites'Ioperational environment: the gravitational field, the effects
of solar radiation and cosmic rays, the ionospheric and tropo-
spheric refraction of radio waves, and geomagnetic phenomena.
Efforts of the Department then turned to advanced navigation
satellite systpms development, and the design and fabrication
of doppler beacon systems for Air Force satellites and satellite

I support systems for astronomical explorations.

More recent work includes design and development of: an
Active Magnetospheric Particle Tracker Experiment (AMPTE) Satel-
lite that will chart the flow of charged particles released from
a spacecraft designed by the Max Planck Institute for Extrater-
restrial Physics of West Germany; a Magnetic Survey Satellite
(MAGSAT) for the NASA Applications Explorer Mission; a satellite-
borne Navigational Package (NAVPAC) which automatically acquires
and simultaneously tracks signals from as many as three Navy Nav-
igation Satellites to provide very accurate satellite positioning
data; and a Global Positioning System Package (GPSPAC) to provide
real-time position fixes aboard a spacecraft using signals re-
ceived from GPS satellites.

APL satellites have achieved a number of space highlights;
some of these are discussed briefly in the follnwing paragraphs.

* Navigation Satellite -The first successful launching
of a Transit satellite (lB in 1960) validated satellite doppler
navigation.

9 Geodetic Satellite - The first satellite designed spe-
cifically for geodetic research (ANNA IB) was launched in 1962.

1 -1-
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* Electronic Memory - The Transit III-B satellite was the
first to employ an electronic memory.

* Radioisotope Power - Transit 4A was the first satellite
to carry a radioisotope power supply into space. Transit 5BN-1
was the first to use a radioisotope generator for all primary
power.

* Electromagnetic Stabilization - The TRAAC satellite was
the first to use electromagnets for temporary magnetic stabili-
zation.

* Gravity Gradient Stabilization - Transit 5A-3 (in 1963)
was the first satellite to achieve gravity gradient stabiliza-
tion, and most APL satellites have been since stabilized using
this technique. The DODGE satellite was three-axis gravity gra-
dient stabilized at near-synchronous altitude. GEOS-3 (in 1975)
demonstrated the first use of this techniqge to achieve satel-
lite attitude stabilization to less than 1 in three axes.

* Operational Satellite Navigation System - Operational
use of the Transit system by the US Navy began in July 1964.
The first operational satellite navigation system, it has found
increasing use by Naval ships of all types, merchant ships,
surveyors, ocean research ships, and fishing boats.

e Satellite Ultraviolet Astronomy - The ultraviolet tele-
scope aboard the 5E5 satellite made the first comprehensive ul-
traviolet stellar survey from orbit in 1965.

* First Full-Disc Photograph of the Earth - The DODGE TV
camera made the first full-disc color photograph of the earth
on 25 July 1967 using a three-color filter wheel system.

* Disturbance Compensation System - The TRIAD satellite
was the first drag-free near-earth satellite and made possible
long-term orbit prediction.

* Incremental Phase Shifter - TRIAD used the first satel-
lite-borne system designed to compensate for long-term oscilla-
tor drift.

* Pseudorandom Noise System - The first system to provide

a nonjammable modulation pattern on the satellite transmissions
that, when recovered in suitable equipped receivers, enabled
timing data of nonosecond accuracy for navigation by range
measurement (TRIAD). It also made possible the first demonstra-
tion of single-frequency refraction free satellite navigation.

-2-
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I * Satellite-to-Satellite Tracking and Data Relay - The
first satellite (GEOS-C) whose precise position was determined
by another satellite (ATS-6). The GEOS-C/ATS-6/ground station
link was used to determine the GEOS-C range and range rate for
tracking and orbit determination and also provide GEOS-C altim-eter data for increased global coverage.

I Table 1 presents a chronological listing of APL satellites,
together with the various satellite designations and orbital pa-
rameters. The longest operational life of any APL satellite is
that of Transit 4A; in fact, this satellite has had the longest
operating life of any satellite launched by the United States.
It was launched on 29 June 1961 and is still transmitting.

The current names of launch sites are given. For example,
the early satellites developed by APL for the US Navy (2-A, 3-A,
etc.) were launched from Cape Canaveral (part of the Eastern Test
Range) which is now designated Kennedy Space Center, Florida.
Similarly, other satellites were launched from Point Arguello
(part of the Western Test Range) which was located on, and later
integrated with, Vandenberg Air Force Base, California. NASA's
Wallops Station is now Wallops Flight Center, Wallops Island,
Virginia.

The navigation satellites developed and fabricated by APL
were for the US Navy. LIDOS, TRAAC, and the 5E-series of satel-
lites were also Navy satellites. The ANNA satellites were under
joint Army, Navy, and Air Force sponsorship. DME-A and the GEOS,
Beacon Explorer, and SAS satellites were developed and fabricat-
ed by APL for NASA. The DODGE satellite was sponsored by DoD.

This publication describes satellites designed and fabri-
cated by APL. Satellites for which APL did not have design re-
sponsibility (e.g., the doppler beacon series of satellites) are
not included. The satellites are arranged in chronological order
according to primary mission; note that most APL satellites have
several design objectives and that, for example, the navigation
satellites are also used for geodesy.

Satellite navigation equipment developed by the Space Depart-'I ment are described in "Navy Navigation Satellite System User Equip-
ment Handbook", APL/JHU SDO 3100, and support and experimental

systems are described in "Instrumentation Developed by JHU/APL for
T Non-APL Spacecraft", APL/JHU SDO-4100. The dissemination of re-

vised and new material for this series of publications is made
according to a distribution list maintained at the Applied Physics
Laboratory, Space Department.

1-3-
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I
HISTORICAL NOTEI

The Laboratory's involvement in space started on a
modest note shortly after the USSR announced the successful
launch of Sputnik I. At that time two staff scientists,
W. H. Guier and G. C. Weiffenbach, improvised a satellite
tracking station consisting of a radio receiver and tape
recorder. The signal from the Russian satellite exhibited
the predicted doppler frequency shift; there was a
pronounced change in the frequency of Sputnik's "beep" as
it passed over the station. In order to facilitate identi-
fication of the signal, which was in an overcrowded region
of the RF spectrum, the received frequencies were carefully
examined and their variation, i.e., the doppler shift,
calculated.

Encouraged by the agreement between satellite tracking
results and estimates derived from the precalculated doppler
shift, Drs. Guier and Weiffenbach arduously computed the
satellite's orbital parameters with pencil and slide rule.
They soon put a harmonic analyzer and analog recorder to
work and, by January 1958, were satisfied that they had
established with considerable accuracy the parameters of
the satellite's orbit by means of the doppler principle.

Dr. F. T. McClure, then Chairman of the Research Center
and later Associate Director of the Laboratory, noted the
results achieved by Guier and Weiffenbach and suggested the
application of these results to the converse problem: know-
ing the orbit parameters of a satellite accurately, and

* observing the doppler shift of a signal from the satellite,
derive the position of the observer.* His recommendation to

Dr. R. F. Gibson, then Director and now Director Emeritus
of the Laboratory, that the development of a satellite
navigation system based on the doppler principle be strongly
pursued led to the formation of the APL Space Development

NDivision (changed to a Department in 1966) and the appoint-
3 ment of Dr. R. B. Kershner, now also Assistant Director, as

its head. With the approval of the Advanced Research
Projects Agency, the US Navy adopted the scheme and APL

* set about building its first satellite.

In recognition of his contribution to satellite navigation,

Dr. McClure was presented with the Invention Award of the
National Aeronautics and Space Administration on
17 January 1961.

I -7-
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This satellite, appropriately labeled Transit 1A, was
launched from Cape Canaveral (later renamed John F. Kennedy
Space Center), Florida, on 17 September 1959. The 270-pound
satellite flew only a suborbital trajectory because the
third stage of its Thor-Able launch vehicle failed to
ignite; however, all satellite systems operated as planned
during the 24-minute flight and sufficient data were
gathered to demonstrate the practicality of the satellite
doppler tracking technique.
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Fig. 1-1 Satellite 1-A, Launch Configuration
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I
SATELLITE 1-A

Launch: 17 September 1959; Kennedy Space Center, Florida

I Vehicle: Thor-Able (three stage)

Orbit: Not achieved

Remarks: Vehicle third stage failed to ignite and payload
burned on reentry several hundred miles west of

I Ireland.

Background

I The first five satellites designed and fabricated by APL
(Satellite 1A and Satellites 1B, 2A, 3A, and 3B following) were
intended primarily for navigation and had essentially the same
external configuration - a sphere with a belt about the equator
on which were mounted solar cells. The antennas were painted
onto the body of the satellite in logarithmic spirals. Later,
a similar configuration was used for the ANNA 1A and 1B geodetic
satellites.

Physical Characteristics (Fig. I-1)

Body: Sphere, 91.44 cm (36 in.) dia

Solar Cells: Equatorial band
Weight: 121.50 kg (270 lb).

Features (Fig. 1-2)

Two stable oscillators

I Transmitters: 54/108 MHz, 162/216 MHz, and 108 MHz (TM).m
Power: Ag-Zn batteries (System 1) and solar cells/Ni-Cd
batteries (System 2)

1 Solar cell performance experiment

Yo-yo despin system

Mechanical clock

Infrared scanner (supplied by NOTS)

Command System: Four operating modes

Telemetry: Seven data channels (PDM) and one calibration
channel amplitude modulating the 108 MHz and 162 MHz

3 carriers
1-3

I



THE "ONS HKINS UNIVERSITY SDO 1600
APPLIED PHYSICS LABORATORY

LAUREL, MARYLAND

Fig. 1-2 Satellite 1-A, Cutaway View
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~I

Logarithmic spiral antenna system silver-painted on
I hemisphere.

Objectives

1. Demonstrate satisfactory operation of the payload,
tracking stations, and data processing systems.

2. Demonstrate the satellite radio doppler tracking
technique.

3. Determine the adequacy of multiple frequency (coherent)
measurements in the elimination of ionospheric
refraction effects.

4. Improve knowledge of the shape of the earth and its
I force field.

5. Make infrared measurements from orbit.

Achievements

Although data were acquired only during a partial pass of
the satelliie, Objectives 1, 2, and 3 were partially satisfied.
The vehicle reached the planned altitude of 400 niii and data
were received on all frequencies from the moment of lift-off
to destruction. A portable station at the US Naval Air Station
in Argentia, Newfoundland, also recorded doppler data. The
flight lasted 24 minutes.

An ionospheric refraction value was calculated using the
doppler data recovered by the portable station, and a correction
factor was then applied to the data to produce a doppler curve
unaffected by ionospheric refraction. The Satellite 1-A trajectory
thus determined was in close agreement with range track data.

I 1-5
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